Background and aims Contingency management (CM) is one of the most effective behavioral interventions to promote drug abstinence, but availability of this treatment is limited. We evaluated the efficacy and acceptability of internet-based CM relative to an internet-based monitoring and goal-setting control group in a nationwide sample of cigarette smokers.
INTRODUCTION
Cigarette smoking continues to take an enormous toll on society. Smoking is associated with more than 6 million deaths world-wide [1] . During the 50 years since the first Surgeon General's report on the health consequences of smoking, more than 20 million Americans have died prematurely from tobacco-related diseases [2] . The most recent Surgeon General's report recommends several 'end-game' tobacco control strategies, such as reducing the levels of nicotine in cigarettes, increasing the use of smoke-free areas, restricting advertising, increasing the price of cigarettes and increasing the prevalence of 'barrier-free cessation support' [2] .
Technology can play a key role in promoting barrier-free cessation support [3] [4] [5] . In particular, technology can aid in the delivery of evidence-based behavioral treatments to promote smoking cessation. One such treatment is contingency management (CM [6] [7] [8] . Under CM procedures, desirable consequences such as financial incentives are provided based on objective evidence of abstinence. Typically, low levels of breath carbon monoxide (CO) indicate abstinence [e.g. < 4-6 parts per million (p.p.m.)], which can be determined quickly through a small, hand-held monitor.
Due to the short half-life of breath CO (≈4 hour), samples must be collected at least twice per day to index abstinence [9] . Because such frequent in-person meetings would pose a barrier to treatment, Dallery and colleagues developed an internet-based method to collect CO and deliver CM [10] [11] [12] . The procedure entails remote video capture of participants providing breath CO and automated incentive delivery through a web-based platform called Mōtiv
8
. Internet-based CM has been shown to promote abstinence in heavy [11] , adolescent [13] and rural smokers [14] . Recent work has extended this method to mobile phones [15, 16] , which has even greater potential for accessibility than computer-based access to the internet.
Technology-based CM, however, has been restricted to relatively small geographical areas. For example, previous work by Dallery and colleagues enrolled participants from North Central Florida in the United States [17] . Although several studies have delivered internet-based CM to adults and adolescents living in rural Appalachia [14, 18] , these applications still represent a relatively small area in light of the potential reach of information technology. Even recent mobile phone-based CM studies enrolled participants who were local to the research site [15] . Thus, the first purpose of the current study was to expand the reach of CM to qualified smokers in the contiguous United States. To our knowledge, this study represents the first remote, nationwide application of CM to cigarette smoking.
The second purpose of the study was to incorporate and evaluate the acceptability of a deposit contract procedure [19] [20] [21] [22] . To enroll in the study, participants were asked to deposit $50 into a PayPal account. Depending on group assignment, these funds could be recouped based on evidence of abstinence or based on submitting CO samples. The deposit contract was designed to deter non-smokers from enrolling in an incentive-based intervention, to motivate smokers to quit by avoiding losses in addition to receiving monetary gains [23] and to offset the costs associated with CM. After the deposit was recouped, participants in both groups could earn additional incentives based on CO abstinence or CO submissions.
The aims of this randomized trial were to (1) evaluate the efficacy of technology-based CM compared to technology monitoring and goal setting in a nationwide sample of smokers and (2) access the acceptability of the intervention based on adherence rates to the CO sampling protocol and on acceptability ratings about treatment components (e.g. using a CO monitor, providing a deposit).
METHOD

Study design
Participants were randomized (1 : 1) to an abstinence contingent (AC) or a submission contingent (SC) group. Participants were asked to provide twice daily (for 4 weeks) and then twice weekly (for 3 weeks) video-recorded CO results to the Mōtiv 8 website. Participants in the AC group received financial incentives based on abstinence (i.e. breath CO ≤ 4 p.p.m.), and participants in the SC group received financial incentives based on submitting CO samples. Participants could earn a maximum of $480 in incentives based on abstinence or CO submissions. Participants in both groups were provided with the same CO-based goals. The only difference between groups was the target behavior to receive incentives: the AC group had to meet video-verified CO cut-points and the SC group had to submit videos. Because baseline drug use has been associated inversely with responsiveness to contingency management [23, 24] , we stratified on the number of cigarettes smoked per day (≥ 30 cigarettes per day, yes or no). Participants were also stratified based on gender [25] . Randomization was automated by an Excel macro that coded each participant based on smoking severity and gender, and then assigned the participant to the group with a lower number of participants with that combined smoking severity and sex code. If smoking severity and gender distributions were equal, then the participant was assigned randomly to a group. The first participant enrolled on 28 August 2010 and the database was complete on 20 May 2014. Analysis was by intention-to-treat. Interested individuals were screened initially on-line, and then further screening was completed over the telephone if they met the initial on-line screening criteria. A $50 deposit was required from all participants. Deposits were made to PayPal via debit, credit card or direct bank transfer. The first $50 earned went toward reimbursement for the initial deposit incentive. All earnings were deposited to participants' PayPal accounts.
Participants were loaned a CO monitor (Bedfont piCO+ Smokerlyzer; Bedfont Scientific Ltd, Maidstone, UK) and a web-camera if needed (Logitech QuickCam or Creative Live! Cam Optia AF, Creative Labs 1.3 MP Webcam, Model VF0415, Newark, CA, USA). CO monitors were calibrated by the manufacturer and then at least every 6 months thereafter (CoVita ™ ; CoVita, Haddonfield, NJ, USA). Equipment was sent to participants via FedEx courier, and we exchanged CO monitors with participants via FedEx for the 3-and 6-month follow-ups. Participants also completed questionnaires assessing demographics, smoking history, prior drug use and abuse, general health, medication use and the Fagerström Test for Nicotine Dependence (FTND) [26] . Scores can range from 0 to 10, with a score of 0 representing no dependence and higher scores indicating greater dependence.
A Mōtiv 8 webpage provided links to smoking cessation support websites, including smokefree.gov, QuitNet.com (archived at http://www.webcitation.org/ 6jUXwHxCm) and a link to the National Cancer Center's booklet, Clearing the Air [27] , which is a self-help guide to quitting.
Study sample
Participants were healthy smokers recruited from the contiguous United States. Table 1 lists participants' demographic and smoking characteristics. Recruitment methods included Craigslist, Google Adwords, Facebook advertisements, newspapers and ClinicalTrials.gov. Individuals interested in participating were routed to an on-line screening to determine eligibility. Applicants were excluded if they had a history of or current severe or unstable medical or psychiatric illness that would interfere with the study, or if they had had unavoidable exposure to high levels of ambient air CO (e.g. occupational exposure). Participants were invited to participate if they were 18 years of age or older, scored 8 or higher on a 10-point Likert scale asking current desire to quit smoking (1 = not at all, 10 = very much), self-reported smoking at least 10 cigarettes per day, self-reported last cigarette within the previous 24 hours, had at least a 2 year history of daily smoking, provided permission to contact applicant by telephone, self-reported having access to a computer and had internet access available at their residence. The Institutional Review Boards from the University of Florida and the National Development and Research Institute approved all study procedures.
Study procedures
Participants logged into the Mōtiv 8 website using a unique username and password and completed the CO video sample collection by following simple on-screen and printed instructions. Each participant's homepage consisted of a graph of CO sample results, voucher earnings history, a 'post video' button and a display showing their previous sample's date/time, and the earliest date/time at which they could provide their next sample. The graph of CO sample results included horizontal lines indicating the CO cutpoint goals during the tapering, abstinence induction and thinning phases (phases are described below). The exact CO target was also written in text above the 'post video' button. An 8-hour interval had to elapse between CO samples, and the 'post video' button was disabled for 8 hours after a video was submitted. All samples were submitted between 5:00 a.m. and 4:00 a.m. eastern standard time (EST).
Baseline (3 days)
Participants experienced a 3-day baseline phase with twice-daily CO assessments, which served to familiarize them with the sampling procedure. No financial earnings were provided.
Tapering (4 days)
For participants in the AC group, the average CO during baseline was calculated and every pre-determined reduction from this value resulted in $3.00. The reductions were calculated for each participant such that the last day of this phase would serve as their quit day, with a target CO ≤ 4 p. p.m. The target of 4 p.p.m. was chosen to be consistent with previous internet-based CM research [17] , and with recommendations for target CO levels in CM interventions [28] . All samples ≤4 p.p.m. were considered negative. For participants in the SC group, incentives were based on CO submissions only.
Abstinence induction (21 days)
For participants in the AC group, CO samples were judged as either positive or negative (≤ 4 p.p.m.). Consistent with the escalating schedule developed by Higgins and colleagues [29] to promote continuous periods of abstinence, a $3.00 incentive was awarded for the first negative sample, and increased by $0.25 for each consecutive negative sample. In addition, every third consecutive negative CO resulted in a $5.00 bonus [11, 17] . For participants in the SC group, the same schedule of earnings was scheduled based on CO submissions alone.
Thinning (21 days)
A 3-week thinning phase followed the treatment phase.
Monitoring and the possibility of reinforcement was decreased, or thinned, from twice-daily to twice per week (one sample between 5:00 a.m. and 4:00 a.m. EST on Mondays and Thursdays). The incentive values were a continuation of the escalating pay schedule from the previous phase. The rationale for this phase stems from research suggesting that thinning, instead of abruptly eliminating, the schedule of reinforcement can maintain behavior change for longer periods [30, 31] . For participants in the SC group, the same schedule of reinforcement applied to CO submissions only.
Outcome measures and data analysis
Point prevalence (PP) of abstinence was defined by CO ≤ 4 p.p.m., and a self-reported answer of 'no' to whether a participant had smoked cigarettes, even a puff, during the past 7 days (yes/no). The primary outcome was PP at week 4. Secondary outcomes included PP at the 3-and 6-month follow-ups and the twice-daily CO samples during baseline, tapering and abstinence induction and twice-weekly CO samples during the thinning phase. Two other secondary measures included a Treatment Acceptability Questionnaire (TAQ), which assessed the acceptability of components of the treatment and the deposit using a 0-100 visual analog scale [32] . The TAQ was administered at week 4. Questions assessed the ease, helpfulness, fairness, effectiveness, convenience of the intervention overall and of distinct elements of the intervention (e.g. seeing graphed CO results, using the CO meter). The TAQ included three specific questions related to the deposit (liking, effectiveness and fairness of the deposit). The second measure, a Behavioral Change Inventory, included questions about factors that might have impacted the study results (e.g. use or introduction of new strategies for quitting, marijuana smoking, smoking or using other medications, life-style changes, adverse events). Participants received $10 or $75 for completing measures (the compensation was increased for both groups after year 2 in the clinical trial to improve adherence). All assessments occurred remotely using the Mōtiv 8 platform.
Sample size
The sample size was based on power calculations derived from a randomized controlled study conducted by Higgins and colleagues [33] . The study evaluated the efficacy of CM to promote smoking cessation in pregnant and postpartum women. Although the study population differed from the current study, the procedures used in Higgins et al.
were, at the time, the most similar to the procedures used in the current study (e.g. escalating schedule of voucher earnings for continued abstinence, a control group that also received financial earnings but independent of smoking status). Higgins and colleagues reported that point prevalence measures of abstinence in the contingent versus control groups were 37 versus 9%, 33 versus 0% and 27 versus 0% at the end of treatment, and 3-and 6-month follow-ups, respectively. The observed effect size in that study was 0.70. Based on this referred study and our power calculation results, we projected that 32 subjects per group would be needed to detect an effect size of 0.70 with an estimated power of 0.80 using an alpha of 0.05. However, given the difference in study populations we proposed to assign 50 subjects randomly per group (n = 100 total). Analyses were conducted using SPSS version 22 and MPlus version 7.3. PP measures were analyzed using χ 2 tests to examine the intervention effects on smoking cessation outcomes at each time-point. Participants lost to follow-up were considered positive for smoking. We also used χ 2 tests for binary CO data outcomes (CO ≤ 4 p.p.m.
for abstinent versus smoking-positive) across the 62 CO assessments to test the effect of intervention conditions within each treatment phase. For outcomes with significant group differences shown in χ 2 tests, logistic regression models were applied while adjusting for baseline characteristics (age, sex, annual income, years of daily smoking and the number of daily cigarettes smoked). Table 1 shows participant characteristics for each group. The mean age was 36 years and 56% were female. Participants smoked an average of 17 cigarettes per day, and reported an average 17-year history of daily smoking. The majority of participants were European American (73%), and the majority earned between $0-25 000 (30%) and $25 000-50 000 (34%) per year. The majority also reported either some college (46%) or receiving a bachelor's degree or higher (35%). Participants were enrolled from 26 states. The majority were from the South (58%; 29% resided in Florida); others resided in the West (11%), Midwest (17%) and Northeast (14%). Figure 1 shows the flow of participants through the trial. A total of 411 applicants visited the Mōtiv 8 website, completed initial screening information and received information about the study; 315 were excluded, and the majority (212) of these applicants were unresponsive to attempts to contact them via phone and/or e-mail. Of those contacted, 46 were unwilling to pay the deposit, 15 did not have a home computer with internet access and 27 were excluded for other reasons (e.g. illness, occupational exposure to CO).
RESULTS
Characteristics of the participants
We did not collect data systematically about reasons for being unwilling to pay the deposit, but many applicants shared that they did not have the financial ability, whereas others reported concerns about whether the study was a 'scam' and concerns with transferring funds from a financial institution to PayPal. Ninety-four applicants were randomized to the intervention groups. In the AC group, we lost contact with five participants and five withdrew from the study, and in the SC group we lost contact with two participants and three withdrew from the study. All missing data were counted as positive for smoking.
Outcomes Table 2 presents the PP rates and odds ratios (OR) at 4 weeks (primary outcomes), and at the 3-and 6-month . That is, the AC group, compared to the SC group, had an 8.4 times greater likelihood of abstinence at 4 weeks, which corresponded to the end of the AC phase. Differences in smoking abstinence between the AC and SC groups at the 3-(29 and 19%) and 6-month (23 and 13%) follow-ups were not statistically significant, Fs < 2 with small effect sizes r = 0.11 and r = 0.13, respectively. Table 2 also presents the percentages of COs that were negative during each study phase. The daily CO data confirmed that during the entire intervention period (i.e. excluding 3-and 6-month follow-ups), abstinence rates were 43.9% in the AC group and 20.8% in the SC group, χ 2 (1, 5828) = 353.29, P < 0.01 r = 0.25.
Adherence to the video submission protocol was equivalent across groups: 85% of all submissions in SC versus 78% in the AC group (difference = 7.0%, 95% CI = À10.3-23.8%, F < 1, P = 0.39).
The average amount distributed in the AC group was $218 (SD AE $196) and $366 (SD AE $153) in the SC groups, respectively. After deducting the deposits, the average earnings were $168 and $316 per participant in the AC and SC groups, respectively.
Results of the Treatment Acceptability Questionnaire are presented in Table 3 . The AC group rated several items significantly lower than the SC group (items assessing fairness of the intervention, liking of the graph, earning money and providing the deposit). The lowest ratings in both groups were for the items assessing the deposit. The highest ratings overall concerned the ease of the intervention, the graph of CO results and earning money.
Results from the Behavioral Change Inventory revealed that the groups did not differ meaningfully during treatment in the use of pharmacological interventions (two participants in both groups), the use of educational or smoking cessation websites (14 in the AC and 18 in the SC group), smoking marijuana (one in the AC and three in the SC group). The use of other nicotine products such as chewing tobacco was not reported in either group. No adverse events were reported in either group.
DISCUSSION
The present study represents the first contingency management (CM) intervention that was accessible to any qualified smoker in the United States. We enrolled smokers from 26 states. Aside from phone contact, all procedures occurred remotely via the internet. At week 4, PP rates were 39.6 and 13.0% in the AC and SC groups, respectively. During the two treatment phases when negative COs were the goals, there were also significant differences in negative COs (53.9% AC and 24.8% SC during the AC phase and 43.4% AC and 24.6% SC during the thinning phase). Although there was no significant difference in abstinence at the 3-(29% AC and 19% SC) and 6-month (23% AC and 13% SC) follow-ups, the failure to detect the trend as a significant effect may be due in part to insufficient power. The relatively high rates of success in the SC group may be due to enrollment of motivated smokers or to frequent self-monitoring of smoking; these features may have reduced sensitivity to detect intervention effects. Adherence to the CO submission protocol was equivalent: 78% in AC and the 85% in the SC group. Thus, differences in smoking levels in the two groups can be attributed to the differences in the behavior targeted by the contingency: CO levels versus CO submissions. These results are consistent with previous technology-based interventions that involved in-person contacts for counseling and other study-related procedures [11, 17] . Overall, these results suggest that it is feasible and effective to extend the reach of CM interventions via technology. The deposit contract procedure produced mixed findings. On one hand, the deposit yielded some cost offsets. For the AC treatment group the average amount earned per participant was $218, but after deducting the deposit the average decreased to $168. In addition, it is possible that the deposit deterred non-smokers from enrolling in the study to gain access to incentives. All participants provided a positive CO at intake, and all except one participant provided at least one positive CO during the intervention. Thus, we have biochemical evidence that the vast majority of these participants smoked cigarettes. On the other hand, participants rated aspects of the deposit contract as among the least acceptable (see Table 3 ). After learning about the study during the on-line screening process, 13.5% of applicants cited the deposit as a reason for not participating. Applicants cited the lack of available money as one reason for declining, but several others cited the possibility of the study being a 'scam' and security issues about transferring funds. Security concerns raise caveats on the use of internet-based CM procedures, but do not preclude their utility. It is also possible that the deposit was an issue for a subset of the other 62% who were unresponsive to telephone contacts after screening. Similarly, in a large clinical trial assessing various deposit and incentive arrangements, Halpern and colleagues [22] found that only 13.7% of applicants accepted assignment to a deposit contract group. Thus, one limitation of the current study is that the generality of our findings are restricted to those willing to pay a deposit.
Despite these mixed findings, deposits may be an important element of remote, technology-based interventions involving the provision of additional monetary incentives [19] . The main rationale would be to deter faking of smoking to gain access to incentives. Even if additional incentives are not involved, deposits alone may represent a feasible CM delivery model [34, 35] . For example, web-based behavioral change programs such as StickK. com and Dietbet.com-both of which incorporate deposits -report high rates of access. As of 2016 both StickK.com and DietBet.com each reported more than 300 000 end-users. Halpern and colleagues [36] outlined several design features of deposit contracts that warrant further investigation, such as the ratio of the deposited amount to additional incentives, or whether the deposit is fixed or can be tailored by the individual. Indeed, more research is needed to enhance and evaluate the acceptability, effectiveness and cost-effectiveness of deposit contracts to promote behavior change.
Overall, participants found that the current intervention was acceptable. The highest rated items on the Treatment Acceptability Questionnaire in both groups concerned the ease of the intervention, the ability to view graphed CO progress and earning money (all were rated > 80 on a 0-100 scale). These results are consistent with previous assessments of treatment acceptability of technology-based CM [32] . Raiff and colleagues found that a number of stakeholders, including smokers, health-care professionals and non-smokers, found that technologybased CM was acceptable. Of the health-care providers, 81% (n = 113) reported that they would be very likely to recommend the intervention to patients. One limitation of the present findings is that we did not assess concerns with confidentiality associated with technology-based methods.
One potential limitation of the study is that the sample's demographic characteristics are not representative of the population of cigarette smokers in the United States [37] . The requirement to own an internet-connected computer at home may have yielded higher levels of education and income in the current study than the smoking population at large. To our knowledge, however, there is no evidence that education or income affects the efficacy of CM targeting smoking or substance use more generally [38] .
Future iterations of technology-based CM will involve new digital technologies and new applications of behavioral technologies [39] . In terms of digital technologies, one study found that mobile phone CM (mCM) promoted higher rates of abstinence in smokers with post-traumatic stress disorder compared to a control group [15] . In addition, lower-cost CO monitors will make the intervention more economically attractive [40] . Indeed, lower-cost monitors integrated with mobile phones have significant promise to deliver mCM. New applications of behavioral technologies might include group contingencies in which small teams of smokers must meet CO goals for incentives [41, 42] , or self-tailored deposits in which the end-user selects the amounts and timings of his or her deposits [43] . Deposit contracts could be used as part of a lapse responsive method. That is, a smoker could re-initiate the intervention after a lapse or relapse by depositing a selftailored amount of money.
The present results suggest that it is effective and acceptable to extend the reach of CM interventions via technology. Future work should continue to assess economically feasible and sustainable treatment delivery models.
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